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The l,mcr infer-cromcfer Space A nfenna  (l,lSA)  mission is designed for detailed sf udics of
lozu-frequency gravitational radiafion, 7’he mission is currcnfly a candidate for 13A’s posf -
IIorizon 2000 program. 7’hermal  noise i$jccts fhc mcasurcmcnt  in at least  two w a y s ,  7’hcrmal
vari(zfion of fhc Icngtk of flu! o]) fical cavify t o  w h i c h  fhe lasers are sfabilizcd  in froduccs
phase  variaf  ions in f he intcrjcronwtcr sign al, WII ich have f o lw correct cd for hy using daf a f rom

fk two arms  sqwafcly. V a r i a t i o n s  i n  fhc dimensions  of  the  spacccraff sfrucfurc  will chaJIge

the  g r a v i t a t i o n a l  field exprienccd by the fcsf mas.ws a n d  fhc Icngf h of f he t ran smif/receive
fC~CSCO/J(?.  We have cons frucfed a model  oj aJl e a r l y  v e r s i o n  oj fhe l,lSA .y)acccraff  in order to
cst imatc f he fhcrrnal variations.

The LISA mission concept currently consists of four spacecraft in 1 AU orbits about the sun -2,0
dcgrccs  behind the Earth. A test mass inside each spacecraft is shielded from external ncm-
gravitaticmal  influences. The scparatim  bctwccn test masses is measured using laser intcrfcromctcrs.
The LISA mission goal is to measure gravitational radiation in the range from 10-4 Hz to 10-2 Hz with
greatest sensitivity of 10-21 /{Hz bctwccn 10-3 and 10-2 ] Iz, With twice the arm length being 1010 m this
means the rclat ivc displacement of the proof masses must be measured with an accuracy of 10pm /{Hz.
TWCJ spacecraft arc C1OSC together (about 200 km apart) and form the vertex of the “V” formation. The
two cnd spacecraft define the size of the array, The individual orbits arc chosen to maintain the
formation as exactly as possible.

The master laser cm onc of the central spacecraft is locked to a rcfercncc cavity. A change of
lcngih of the cavity duc to tcmpcraturc  change pmduccs  a laser frequency shift and a corresponding
error in the displacement mcasurcmcnt  of the test mass, The laser phase noise can bc cancclcd  between
the arms using a Fourier-transform processing tcchniquc by an amount 4?cfcr, / c where o, is the
uncertainty in knowledge of the arm lengths and f is the observation frequency. The thermal rmisc sets
the ICVCI of arm length determination needed and also the precision nccdcd in the phase mcasurcmcnt
to allow the ncccssary level of phase noise cancellation.

A cross-section of the payload module within each spacecraft is shown in Fig. 1, The payload
module includes a structural graphite-epoxy cylinder within which arc the test mass, tclcscopc, and
position mcasurcmcnt  laser and elcctrcmics. The laser is mounted on a radiator disk at the CJnC cnd of
the graphite-epoxy cylinder. Capacitive sensors arc used to measure the position of the test mass
within a central optical bench which is rigidly attached to the spacecraft. The disp]accmcnt
mcasurcmcnts  are used to ccntcr  the spacecraft about the test mass. Electronics for the capacitive
sensors and amp]ificm  for the ]ascr photo-diodes arc mounted on a disk between the optical bench and
the laser radiator. A cylindrical thermal shield  surrounds the payload structural cylinder to provide
isolation from the rest of the spacecraft. The external spacecraft is shown in Fig. 2. It consists of a
central structural cylinder within which the payload is suspended, and a trapezoidal box which
contains the attitude control thrusters and clectrcmics, the tclcn~ctry systcm, star trackers, and other
clcmcnts, Solar panels located on the sun-facing side of t hc box provide spacccra ft power. The normal
to the “top” of the box always points 30° from the sun.

A thermal model for the entire spacecraft was formed with sing]c nodes for the box panels, solar
panels, optical bench, tclcscopc, laser radiator and electronics disk, The largest thermal load is from
incident sunlight. Electrical power dissipation occurs on the outer spacecraft panels; the laser radiator,
the payload electronics disk. A small amount of pmvcr is needed on the optical bench to bias the
photodctcckws and drive a phase-modulator. Observed solar insolation variations from 10-4 Hz to 10-2
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can be described by a power spectral density of AL = 1.3x 10-4 f-ifs Lo W/mz/{H  z wit h
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L = 1350 W/rnz.  The power fluctuations of electrical components will be actively controlled to keep
them from inducing temperature variations greater than those caused by solar variation.

The transfer functions giving the temperature response for unit variation in power dissipation for
the optical bench (which contains the laser reference cavity) arc given in Table 1. As an example of
reading Table 1, the variation of solar insolation of 1,8 W/n12  /{Hz, at 10-3 Hz is multiplied by 3.7x10-9
to find the optical bench tcmpcraturc  noise of 6.7 nK/{Hz,.  ‘1’c7 keep the clcctronfc power variations
from producing thermal noise in cxccss of this, the power dissipation of the payload electronics will
have to be controlled to 10-4 W/VHz, and the photo-diode power will have to bc controlled to
0.3 pW/YHz. The photodiodcs  (and phase modulator) arc assumed to draw 0.4 W at 40 V. A 200 Ohm
resistor (small compared to the load resistance of 4000 Ohm) is placed in series with the load. The
voltage across the load and across the 200 Ohm resistor arc measured with an op-amp  with voltage
noise at 1 rnHz of 1 ~V/{H7,.  The voltage and power mcasurcmcnt  arc multip]icd to give the power
dissipaticm  and included in a feedback loop that maintains constant power. The power noise at 1 mHz
is then 1 pV/~Hz x 0,01 A + 5 nA/{}lz x 40 V = 0.2 vW/{Hz,.

The primary payload masses, aside from the optical bench, are the? tclcscopc,  the payload
clcctrcmics,  and the laser/radiator combinatic}n  with masses 13.97 kg, 3.53 kg, and 14.85 kg. The
distances to the test mass arc -0,355 m, 0.250 m, and 0.522 m. The nominal acceleration of the test mass
duc to the other payload masses is 2X10-12 m/s2  and the acceleration gradient is 8,6x10-8 /s2. The three
rnasscs  move with respect to the test mass duc to thcrma] expansion of the payload cylinder from
which they arc suspended, which has coefficient of thermal expansion 0.4x10-6 /K. Tab]c 2 ~ivcs the
position noise from thermally-induced gravitational changes driven by solar variations.

Table 1. Tcmpcraturc  response of optical bench for uni t Table 2. Thcrn~ally-
changc in power dissipation. driven gravity chan~c _

f(Hz) solar spacmafl payload lmcr Pilot  o- f(tb) motion
variation clcclronics c.lcclronics (tiodcs noise

Kl(W/m2)  K / W (ntiHz)
1 .OE-06 5.9E-01 3.1 E-01 3.3E+ 00 3.7E-01 8.7E+ 00 1 .OE-06 2.8E-05
1.OE-05 1.6E-03 1,3E-03 1.9E-01 3,1 E-03 1.2E+O0 1.OE-05 2,2E-08
1.OE-04 3.5E-06 4.6E-07 2.1 E-03 5.4E-06 1.2E-01 1.OE-04 8.2E-12
1.OE-03 3,7E-09 3.2E-11 2.1 E-05 5.4E-09 1.2E-02 140E-03
1.OE-02 3,7E-12 3.OE-15 2. IE-07

2.4E-16
5,4E-12 1.2E-03 1.OE-02 7.6E-21

Figure 1, LISA payload sclmnalic Figure 2. LISA spacecraft
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